Results: Respondents included 60 ATTR amyloidosis patients and 32 caregivers. Patients registered scores up to two standard deviations below normal for physical health, impairment in quality of life, and reduced work productivity. Patients with liver transplant versus without liver transplant reported better overall outcomes, and those without liver transplant reported a greater impact on physical versus mental health. A high rate of health care utilization in the 3 months prior to the survey was reported by patients. Caregivers reported substantial burden, including poor mental health, work impairment, and much time spent providing care (mean 45.9 h/week). Work productivity was impacted for employed patients and caregivers. Conclusion: ATTR amyloidosis was associated with high levels of impairment in many domains, including physical health, quality of life, and reduced productivity. Providing care for ATTR amyloidosis patients is associated with a negative impact on the mental health of caregivers. These results highlight the substantial burden of ATTR amyloidosis for patients and caregivers. 
INTRODUCTION
Transthyretin amyloidosis (ATTR amyloidosis) is a progressive, debilitating, and often fatal, rare disease induced by amyloid fibril deposits of misfolded transthyretin (TTR) protein in the peripheral nerves and organs [1, 2] . Approximately 100 pathogenic TTR genotypes have been identified [3, 4] . The amino acid substitution of valine to methionine at position 30 (Val30Met) in the TTR protein chain is the most common disease-causing TTR variant [4] [5] [6] . This disease has at least two distinct phenotypic manifestations: transthyretin familial amyloid polyneuropathy (ATTR-PN), which primarily affects peripheral nerves, and transthyretin cardiomyopathy (ATTR-CM), which primarily affects the heart [1, 2] .
In ATTR-PN, symptoms can present as early as the third decade of life, although this varies by region [1] . The main feature of ATTR-PN is progressive sensorimotor and autonomic neuropathy [1] . Typically, sensory neuropathy starts in the lower extremities followed by motor neuropathy within a few years. Autonomic neuropathy quite often accompanies the sensory and motor deficits [7] . ATTR-CM is generally a late-onset disease, with the first cardiac symptoms typically reported by patients over 60 years of age. Symptoms of ATTR-CM are not mutation-type dependent and are typical of heart failure, including exertional dyspnea, peripheral edema, and fatigue [8] .
The age at onset, form, and rate of progression of disease vary between patients [1] . Patients with a younger age at onset of disease (\ 50 years of age) typically emerge from endemic areas and can experience rapid deterioration with autonomic dysfunction and smallfiber neuropathy [9] [10] [11] [12] . Patients with late-onset disease, typically from non-endemic areas, are more likely to have large-fiber neuropathy, fewer autonomic symptoms, and more severe motor and cardiac involvement than those with early-onset disease [9] [10] [11] [12] .
Liver transplant is a recognized treatment option for patients with ATTR-PN and has been widely used in some countries [13] . However, it is associated with significant risks [14] . Treatment for ATTR-CM is mainly directed at symptom management with the use of diuretics or pacemakers [2] , although heart transplant is occasionally performed [15] .
Treatments for the symptoms of ATTR amyloidosis include analgesics, antidiarrheal drugs, and drugs to manage orthostatic hypotension. Patients with cardiac involvement can be treated with diuretics for cardiac failure or receive prophylactic pacemaker implantation for severe cardiac conduction disorders [16] .
Tafamidis, a small-molecule stabilizer of TTR, has been shown to delay neurologic progression in ATTR-PN [17] [18] [19] [20] [21] [22] and has been approved for early-stage ATTR-PN in Europe (in 2011), Japan (2013), and several Latin American countries recently, including Brazil (2016). Other new medicines aimed at slowing ATTR-PN progression are in development, including TTR gene silencers and amyloid fibril disrupters [1, 23] . The non-steroidal anti-inflammatory drug (NSAID) diflunisal is a non-specific TTR stabilizer and has shown some promise in slowing ATTR-PN progression [24] ; however, it is not approved to treat ATTR-PN, and there are concerns about the long-term safety of NSAIDs.
Little information on the burden of ATTR amyloidosis on patients and caregivers is available. A small qualitative study found that patients with ATTR-PN perceive their disease negatively and experience feelings of fear, bitterness, insecurity, poor self-confidence, dependence on others, melancholy, and grief [25] . To date, no published studies have specifically examined the burden on caregivers of ATTR-PN and ATTR-CM patients. Studies in other neurologic conditions have found that caregivers play an important, often difficult, role in caring for patients and supporting their ability to live and function at home [26] . The objective of this study was to better characterize the burden of disease of ATTR amyloidosis on both patients and their caregivers.
METHODS

Study Design
This study was a cross-sectional, non-interventional survey conducted from February to September 2013 in the USA and from November 2013 to May 2014 in Spain (ClinicalTrials.gov identifier: NCT01604122). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Study Population
Study participants were recruited through patient advocacy groups in the USA and Spain (disease is not endemic in these countries). Eligible patients were between 18 and 85 years of age with diagnosed and symptomatic ATTR-PN and/or ATTR-CM; ATTR-CM was only included in the US population. Only nonpaid caregivers between 18 and 85 years of age were eligible to participate.
Assessments
Surveys were administered to patients and caregivers online in the USA and on paper in Spain either at patient advocacy group offices or at home. Caregivers who were also diagnosed with ATTR amyloidosis could choose to complete either the patient or the caregiver version of the survey. The specific questionnaires administered were chosen to capture important concepts and areas likely to be impacted by disease.
Assessments Completed by Patients and Caregivers
The 12-Item Short Form Health Survey, version 2 (SF-12), is a patient-reported questionnaire that assesses physical and mental health over the previous week. The SF-12 produces eight subscale scores (physical functioning, rolephysical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health) and two summary measures (the physical health component summary and the mental health component summary). Higher scores indicate better levels of health.
The Hospital Anxiety and Depression Scale (HADS) is a 14-item questionnaire developed to assess levels of anxiety and depression of patients for the previous week and is directed towards patients with physical conditions. The HADS includes seven items each for anxiety and depression assessments. Responses range from 0 to 3, with scores summed separately for anxiety and depression items to produce two subscale scores. Lower scores indicate less anxiety or depression.
The EuroQol-5 Dimensions-3 Levels (EQ-5D-3L) questionnaire is a two-part, self-administered generic health status instrument. Patients and caregivers were asked to rate their current health on five dimensions: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Each rating is on a scale of 3 (1 = no problem, 2 = some problem, and 3 = extreme problem). The scores from the five dimensions are used to calculate a single index utility score. Country-specific weights were used to calculate the index score for the USA [27] and Spain [28] . Patients and caregivers also rated their current health state on a visual analog scale for which 100 = best imaginable health and 0 = worst imaginable health.
The Work Productivity and Activity Impairment Questionnaire: Specific Health Problem (WPAI-SH) assessment is a six-item questionnaire regarding current employment status, hours worked, hours missed from work, degree to which a specified health problem affected work productivity, and regular activities in the past 7 days. Each subscale score is expressed as an impairment percentage; a higher percentage indicates greater impairment.
Health care resource utilization was assessed via questions on a variety of different types of treatment and resources, including outpatient visits to health care providers, hospitalizations, emergency/urgent care visits, symptomatic treatments, mobility aids (canes, wheelchairs), and use of non-traditional resources (acupuncture, nutritional aids).
Assessments Completed by Patients Only
Patients rated their pain (current pain, average pain in the last week, and worst pain in the last week) on an 11-point numeric rating scale wherein 0 = no pain and 10 = severe pain.
The Norfolk Quality of Life Questionnaire-Diabetic Neuropathy (Norfolk QOL-DN) is a 35-item questionnaire that assesses the impact of neuropathy on quality of life (QOL). Scoring yields a total score calculated from five subscale scores: activities of daily living, large fiber neuropathy/physical functioning, small fiber neuropathy, autonomic neuropathy, and symptoms. Lower scores indicate better QOL.
The Kansas City Cardiomyopathy Questionnaire (KCCQ) is a 23-item patient-completed questionnaire that assesses health status and health-related QOL in patients with heart failure [29] . The KCCQ was completed only by patients who reported having ATTR-CM (or caregivers who report having ATTR-CM). Patients are asked to assess their ability to perform activities of daily living, frequency and severity of symptoms, the impact of these symptoms, and health-related QOL. Scores are transformed to a 0-100 range; higher scores indicate better health status.
Assessments Completed by Caregivers Only
The Zarit Burden Interview (ZBI) is a 22-item questionnaire completed by caregivers to assess personal and role strain associated with caregiving. Lower scores indicate lower burden. Additional questions probed caregiver burdens, such as the number of hours spent caring for the ATTR amyloidosis patient, time lost from work due to caregiving, out-of-pocket costs, and overall satisfaction with life.
Statistical Analysis
Basic descriptive statistics (e.g., n, mean, standard deviation [SD] , and range) and 95% confidence intervals (CI) for means were calculated for continuous variables. Percentages, frequencies, and 95% CIs for proportions were calculated for categorical variables. Analyses were performed to compare results by country (USA versus Spain). Patient data were also analyzed by type of ATTR amyloidosis and by liver transplant status. As some caregivers also had ATTR amyloidosis, results for caregivers were further summarized by disease status. No effort was made to link caregivers to individual patients.
RESULTS
Patients
Demographics and Baseline Disease Characteristics Respondents included 60 ATTR amyloidosis patients (n = 44 in the USA; n = 16 in Spain) with ATTR-PN and/or ATTR-CM and 32 caregivers (n = 24 in the USA; n = 8 in Spain). The majority of patients were male and patients in the USA tended to be older than those in Spain (Table 1) .
Overall, patients were, on average, 52.2 ± 12.7 years old at disease onset (age at disease onset equals mean age at time of survey minus the mean number of years experiencing symptoms) and had mean disease duration of 6.2 ± 4.0 years. Disease onset occurred later in life in US patients than in Spanish patients. The majority of patients in each country had a family history of ATTR amyloidosis. While most patients in Spain had the Val30Met mutation, it was uncommon in the US patients. Spanish patients were also more likely to have undergone liver transplant than US patients (Table 1) .
In both countries, disease severity varied among patients: 25.0% (n = 15) of patients reported that they were able to walk normally, 26.7% (n = 16) reported having some problems with their feet but being able to walk without difficulty, and 23.3% (n = 14) reported having some difficulty walking but being able to walk without assistance. Six (10%) patients reported that they required one cane or crutch to walk, while nine (15%) patients indicated they that needed two canes/crutches or a walker to help them walk; this latter group included eight (18.2%) patients in the USA and one (6.3%) patient from Spain.
Physical and Mental Health
The mean (SD) SF-12 physical health component summary score for all ATTR amyloidosis patients was 33.6 ± 11.5, which was almost two standard deviations lower than the population norm of 50 [30] . Patients in Spain had better physical health summary scores compared with patients in the USA; mental health summary scores were similar in both countries (Fig. 1) . The physical health summary score was lower for patients with both ATTR-PN and ATTR-CM than for patients with either disease alone ( Table 2 ). There was no difference on either physical or mental health summary scores for patients with or without liver transplant (Table 3) . On the HADS depression and anxiety scales, patients scored 6.1 ± 2.0 and 5.5 ± 3.3, respectively, which was within the normal range (0-7) [31] . Patients in the USA and Spain reported similar scores (Fig. 1) , as did subgroups based on diagnosis (Table 2) .
On the pain scales, mean scores were 3.1 ± 3.1 (range 0-10) for current pain, 3.4 ± 3.0 (range 0-10) for average pain in the past week, and 4.3 ± 3.4 (range 0-10) for worst pain in the past week. Scores were generally higher in US patients compared with Spanish patients (Fig. 1 ) and in patients with ATTR-PN, or both conditions, compared with ATTR-CM alone (Table 2) . Pain ratings were higher in patients who did not have liver transplants than in patients who had undergone liver transplant (Table 3) .
On the EQ-5D-3L, US patients compared with those in Spain, respectively, reported greater impairments in mobility (1.7 ± 0.4 versus 1.1 ± 0.3), self-care (1.3 ± 0.5 versus 1.1 ± 0.2), and usual activities (2.0 ± 0.6 versus 1.5 ± 0.5), where 1 = no problem and 2 = some problem. However, patients from both countries reported similar degrees of impairment in pain/discomfort and anxiety/depression. Scores on the self-rating of health status were comparable between the two countries. Spanish patients had slightly better scores on the utility index score compared with US patients (Fig. 1) . When patients were analyzed by ATTR amyloidosis type, patients with both ATTR-PN and ATTR-CM had lower scores on the self-rating of health status visual analog scale than patients with either disease alone ( Table 2) . ATTR-PN patients who had undergone liver transplant had a higher (better) mean utility index score than ATTR-PN patients without liver transplant, but the scores were similar on the visual analog scale ( Table 3) .
The KCCQ was only administered to patients with cardiomyopathy, either ATTR-CM alone (n = 6) or both ATTR-CM and ATTR-PN (n = 11) in the USA only. Across both groups, the overall mean score was 43.2 ± 20.0, which roughly aligns with the New York Heart Association Fig. 1 Patient health. EQ-5D-3L EuroQol-5 Dimensions-3 Levels questionnaire, EQ-VAS EuroQol visual analog scale, SD standard deviation class IV criteria of ''severe limitations; experiences symptoms even while at rest; mostly bedbound patients'' [32] . Overall scores were lower (worse) for patients with ATTR-CM alone than for those with both types of ATTR amyloidosis (Table 2) .
Health Care and Resource Utilization
Most patients (80%) reported outpatient visits to health care providers in the 3 months prior to taking the survey. During this time, patients also reported hospital emergency room visits (21.7%), hospitalizations (15.0%), and required the use of professional home health care services (6.7%). Health care utilization was similar between US and Spanish patients.
Almost half of all patients (48.3%) reported that they were unable to complete typical household chores in the months prior to taking the survey. These patients reported that they (Fig. 2) . US patients reported missing 21.9 ± 27.8% of work time due to ATTR amyloidosis, whereas Spanish patients reported that no work time was missed. The mean percentage of impairment while working due to ATTR amyloidosis was reported as 40.7 ± 32.7% for US patients compared with 5.0 ± 10.0% for Spanish patients. Similarly, the mean percentage overall work impairment due to ATTR amyloidosis was 46.6 ± 35.7 and 5.0 ± 10.0% for US patients and Spanish patients, respectively. Patients in the USA had a higher percentage of non-work-related activity impairment due to ATTR amyloidosis than patients in Spain (55.6 ± 27.8 and 32.9 ± 32.4%, respectively; Fig. 2 ).
Work and productivity impairment was also greater in US patients who had liver transplants compared with those who did not; all Spanish patients who reported working also reported having had liver transplants. Non-work-related activity impairment was similar between transplant and non-transplant patients overall (Fig. 2) . Patients with both ATTR-PN and ATTR-CM missed a mean of 50.1 ± 35.6% of work as a result of their illness, compared with 10.6 ± 14.1% of patients with ATTR-PN alone. Overall work impairment was 76.3 ± 37.7% in patients with both ATTR-PN and ATTR-CM, and 34.7 ± 28.5% in ATTR-PN alone. Patients with both ATTR-PN and ATTR-CM had higher mean percentage activity impairment due to ATTR amyloidosis (73.6 ± 20.1%) compared with those with ATTR-PN alone (47.5 ± 27.7%) or ATTR-CM alone (55.0 ± 28.8%).
Quality of Life
Norfolk QOL-DN mean total score was 54.6 ± 32.8 for all patients. Patients in the USA reported a poorer QOL total (SD) score compared with patients in Spain: 61.8 ± 30.5 and 35.8 ± 32.3, respectively. There was little difference in Norfolk QOL-DN measures for patients with or without liver transplant in (Fig. 3) . The scores reported for the majority of patients in the current study are consistent with ATTR-PN patients with stage 1 or 2 disease (stage 1 = independent ambulation, stage 2 = assistance required to walk, stage 3 = wheelchair bound or bedridden) [33] .
Caregivers
Demographics and Baseline Characteristics
Caregivers of ATTR amyloidosis patients were primarily female (68.8%) and of similar ages in both the USA (57.0 ± 13.1 years) and Spain (52.8 ± 12.1 years). Of those who provided data, the majority of caregivers in both countries were spouses/partners of the patients (Table 4) . Of the 32 caregivers, 13 (40.6%) in the USA reported also having ATTR amyloidosis (caregivers self-reported as symptomatic). None of the Spanish caregivers reported having ATTR amyloidosis (Table 4) . Of the 13 US caregivers reported to also have symptomatic ATTR amyloidosis, 9 reported that they also had genetic testing done. Seven of the 13 caregivers reported that they were aware of a family history of ATTR amyloidosis. Caregivers with ATTR amyloidosis were older on average than those without ATTR amyloidosis and more likely to be unable to work as a result of disability (60% versus 25%).
Burden
Caregivers spent a mean of 45.9 ± 50.4 h (USA 46.8 ± 49.8 h, Spain 40.8 ± 61.5 h) per week caring for ATTR amyloidosis patients. As reported on the ZBI, US caregivers had overall greater burden compared with Spanish caregivers (Fig. 4) . Specifically, US versus Spanish caregivers, respectively, reported greater burden in the relationship with the patient (9.0 ± 4.6 versus 3.4 ± 4.0), lower emotional well-being Fig. 2 Patient work productivity by country and transplant status. SD standard deviation Fig. 3 Patient quality of life. SD standard deviation (9.9 ± 6.1 versus 4.1 ± 2.0), worse social and family life (6.1 ± 3.5 versus 2.6 ± 1.8), and greater loss of control over life (7.8 ± 3.2 versus 3.3 ± 1.9). Scores on the ZBI were comparable between caregivers with and without ATTR amyloidosis. Financial burden due to caregiving was reported by caregivers in both countries.
Physical and Mental Health
Caregivers in both the USA and Spain reported similar poor physical and mental health scores on the SF-12 questionnaire (Fig. 5) . US caregivers with ATTR amyloidosis had worse physical health summary scores (33.0 ± 10.0) compared with US caregivers without ATTR amyloidosis (49.4 ± 12.8) or Spanish caregivers (48.6 ± 12.0). This score for US caregivers with ATTR amyloidosis was comparable to the score for all ATTR amyloidosis patients (33.6 ± 11.5).
Scores on the HADS depression scale were worse for US caregivers (8.9 ± 5.9) compared with Spanish caregivers (6.0 ± 2.9; Fig. 5) . Overall, the mean score for caregivers in Spain was within the normal range (0-7), whereas scores for US caregivers fell within the mild range (8-10). On average, US caregivers with ATTR amyloidosis reported moderate depression (10.3 ± 5.9), whereas US caregivers without ATTR amyloidosis were within the normal range (7.0 ± 5.6; Fig. 5 ).
On average, Spanish caregivers reported less anxiety on HADS (9.1 ± 2.5) compared with those in the USA (11.4 ± 5.0; Fig. 5 ). The mean anxiety scores for US caregivers, both those with and without ATTR amyloidosis, fell within the moderate range (11) (12) (13) (14) , whereas the score for caregivers in Spain (all without ATTR amyloidosis) was in the mild range (8-10). 
Work Productivity
The 11 caregivers who were employed (8 in the US, 3 in Spain) completed the WPAI-SH questionnaire. Overall, US caregivers reported lower productivity compared with Spanish caregivers (Fig. 6 ). US caregivers with ATTR amyloidosis reported the lowest percentage of work time missed due to caregiving (7.5 ± 10.7%) compared with those without ATTR amyloidosis (20.0 ± 27.8%) or caregivers from Spain (13.0 ± 18.3%). US caregivers with ATTR amyloidosis reported the highest mean percentage activity impairment (65.0 ± 21.2%) compared with US caregivers without ATTR amyloidosis 
DISCUSSION
This is the first comprehensive study of the disease burden associated with ATTR amyloidosis in both patients and their caregivers. Results in this sample point to negative impact across several domains, including health and work productivity, for both patients and their caregivers. For patients, ATTR amyloidosis impacts physical health more than mental health. Caregivers reported the greatest impacts in mental health, though physical health impacts were also observed.
Patient Disease Burden
This study showed a pervasive impact of ATTR amyloidosis on patients and their use of health care resources. In the 3 months prior to participation, 21.7% of patients surveyed visited an emergency room, 15% were hospitalized, and 80% visited an outpatient health care provider. Physical functioning was dramatically affected, with an average score on the SF-12 nearly two standard deviations below the US population norm. Many patients reported experiencing pain; on a 0-10 pain scale, worst pain in the past week was a 4.3 on average (range 0-10), and patients had a pain level of 3.4 on average (range 0-10). Despite these substantial physical impacts, patient-reported mental health functioning was close to normal levels. Substantial impact on work was reported by US patients, who missed an average of 21.9% of work the week before the survey as a result of ATTR amyloidosis (range 0-79%). While working, 40.7% of their activity was impaired. Overall work impairment and activity impairment were reported as 46.6% and 55.6%, respectively, for US patients. Spanish patients reported far less impact on work, but activities were impaired for this group at 32.9%. Overall, 48.3% reported being unable to complete typical household chores, and many patients reported impairments in mobility, self-care, and usual activities.
The overall burden of illness for patients with ATTR amyloidosis appears to be predominantly influenced by liver transplant status. On the basis of the EQ-5D-3L scores, patients who reported having undergone a liver transplant (i.e., the majority of this Spanish study population) had better health-related QOL. This is likely because the transplant is typically done early in the disease, before patients have lost a great deal of functioning. However, greater impairment in work productivity was also reported by those who had liver transplants. The demands of the transplant, including the need to take immunosuppressants, may have a lasting impact on work. Though liver transplant status appears to be a major differentiator for QOL between patients in the USA and Spain, it is also worth noting that US patients in this sample were also older than the Spain patients (61.7 versus 49.3 years). There was a much lower proportion of patients in the USA (38.6%) who had liver transplants compared with patients in Spain (87.5%). This imbalance between the two countries may reflect sampling bias or real differences in populations or local clinical practice. In countries where the disease is not endemic, such as the USA, diagnosis may be delayed, and thus patients may tend to be more severely ill when first diagnosed and may not be suitable candidates for liver transplant.
As assessed by the Norfolk QOL-DN, QOL associated with neuropathy symptoms was worse for US patients compared with Spanish patients.
Caregiver Burden
Caregivers, many of whom had spent several years providing care, were on average spending more than the equivalent time of a full-time job providing care every week. Spanish caregivers had, on average, been providing care about twice as long as caregivers in the USA (6.8 ± 5.4 versus 3.3 ± 2.7 years, respectively). This may be due to Spanish patients being diagnosed at an earlier age, on average, and living with the disease longer.
US caregivers without ATTR amyloidosis reported poorer mental health than physical health (the reverse of the pattern seen in ATTR amyloidosis patients), whereas caregivers in Spain had more comparable mental and physical health scores. US caregivers reported symptom levels consistent with mild depression and moderate anxiety, and caregivers in Spain reported mild levels of anxiety. The level of burden reported by US caregivers of ATTR amyloidosis patients was similar to that reported by US caregivers of patients with Alzheimer's disease (ZBI scores, 34.3 ± 16.7 and 30.6, respectively) [34] ; Spanish caregivers reported less burden than US caregivers of ATTR amyloidosis patients (ZBI score, 13.3 ± 8.2).
Limitations
The survey sample was small, and all respondents were recruited through patient advocacy groups. The number of participants in the study is low primarily because of the rarity of ATTR amyloidosis, especially given that Spain and the USA are not countries where the disease is considered endemic. As a result, the generalizability of these findings may be limited. In anticipation of this limitation, this study used well-established instruments with norms where possible, which allowed inferences about our findings on those measures relative to the general population. The amount of missing data (\ 10%) was consistent with surveys of this nature. As a result of the survey administration mode, participation was limited to patients who have maintained use of their upper limbs, were able to write or type, and, for Spanish patients, who could travel to the clinic. Though disease diagnosis was not verified by a physician, study participants had relationships with patient advocacy groups, so it is expected that they were patients diagnosed with the disease.
CONCLUSIONS
These results highlight the substantial burden of ATTR amyloidosis for patients and their caregivers. The impact of this disease is mainly on physical health, quality of life, and work productivity for patients, whereas mental health and productivity are more severely affected in caregivers. Treatment options that move beyond symptomatic management to modification of disease progression and maintenance of psychosocial functioning may reduce the impact on patients and their reliance on their caregivers, thus alleviating the substantial disease burden.
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